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The composition of the steam-distilled volatile oil of fresh and air-dried, indoor-grown marijuana 
was studied by GC/FID and GC/MS. In all, 68 components were detected of which 57 were 
fully identified. Drying of the plant material had no effect on the qualitative composition of 
the oil and did not affect the ability of individuals familiar with marijuana smell to recognize 
the odor. 



The chemical composition of the volatile oil of 
Cannabis sativa L. was the subject of several 
investigations. 1-11 A total of 58 monoterpenes and 38 
sesquiterpenes was reported to have been identified 
from different cannabis preparations in a 1980 review 
article published by Turner et al. 12 In a more recent 
study, Brenneisen and ElSohly 13 reported on the GC/ 
MS analysis of cannabis extracts and the use of the 
entire chromatographic characteristics (not just the 
cannabinoids) for identification of the country of origin 
of confiscated marijuana. It was shown that the ter- 
penes play an important part in that classification. 
Because all the work was carried out on dried material, 
we decided to compare the chemical composition of the 
cannabis volatile oil prepared from fresh vs. dried plants 
and to determine the effect of drying on the individuals' 
ability to recognize the smell. 

Although marijuana odor has long been accepted to 
be recognizable by dogs, the recognition of the smell by 
law enforcement officers has recently been challenged 
in courts by the defense in criminal cases. The purpose 
of this paper is to identify the major components of the 
essential oil of cannabis and to study the effect of drying 
and storage of the plant material on the stability of the 
characteristic components of the oil odor (or odor of the 
plant material). Olfactory testing of the different oils 
by human subjects (familiar with marijuana smell) was 
also used to verify the characteristic odor. 

The volatile oil of fresh and dried marijuana was 
prepared by steam distillation, and the oil was collected 
using lighter-than-water volatile oil apparatus. Samples 
of fresh marijuana buds (15 g each) were acquired, with 
one sample being extracted immediately. Three samples 
were allowed to dry and were stored at room tempera- 
ture in paper bags for 1-week, 1-month, and 3-month 
periods of time prior to the preparation of the volatile 
oil. In all cases, the volume of oil was determined and 
the percentage (v/w) was referenced to the fresh weight 
of the plant material (Table 1). Analysis of the oils was 
carried out by GC/FID and GC/MS under conditions that 
allowed direct comparison with reported data on refer- 
ence terpenes. 14 Both retention times and mass spectral 
fragmentation were used in the identification of the 
individual components of the oil. Table 2 shows a list 
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Table 1. Effect of Drying on the Yield and the Composition of 
the Volatile Oil of Cannabis 



volatile oil samples" 





A 


B 


C 


D 


Percentage 


of Volatile 


Oil in Buds (v/w) 




correlated to fresh wt 


0.29 


0.20 


0.16 


0.13 


correlated to dry wt 




0.80 


0.68 


0.57 


Percentage of Loss in 


the Volatile Oil content during 


drying 






31.0% 


44.8% 


55.2% 




Composition 






monoterpenes 


92.48 


85.54 


67.60 


62.02 


sesquiterpenes 


6.84 


12.64 


29.53 


35.63 


others 


0.68 


1.82 


2.87 


2.35 



A: Volatile oil prepared from freshly collected buds. B: 
Volatile oil prepared from buds that had been dried at room 
temperature for 1 week. C: Volatile oil prepared from buds that 
had been dried at room temperature for 1 week and then stored 
in a brown paper bag for 1 month at room temperature. D: 
Volatile oil prepared from buds that had been dried at room 
temperature for 1 week and then stored in a brown paper bag for 
3 months at room temperature. 

of all components and their retention times (in seconds) 
and their percentage in each oil. In addition, for all 
unidentified components the most significant mass 
spectral fragments are provided. 

The percentage composition is determined based on 
relative response in the FID chromatograms. The 
identification of each component is based on direct 
comparison with authentic samples and/or by comparing 
the retention time and mass spectral fragmentation 
with the data published by Adams. 14 The mass spectral 
library fit (ITD Terpene Library) for all identified 
components was more than 900. It should be mentioned 
that the GC column used in this study was identical to 
that reported by Adams, 14 and therefore all retention 
times reported were within three seconds of the refer- 
ence values. 

The data presented in Table 2 show that the fresh 
bud oil is composed mainly of monoterpenes (92%), with 
7% sesquiterpenes and approximately 1% other chemi- 
cal classes such as simple ketones and esters. The two 
principal monoterpene components are /3-myrcene and 
limonene, representing ca. 67% and 16% of the oil, 
respectively. 

Of the 68 components detected in the chromatogram 
of the fresh bud oil, 57 were identified (see Table 2). 
These include 2 hydrocarbon ketones, 1 aliphatic alcohol 
ester, 23 monoterpenes, and 31 sesquiterpenes. Three 
of the identified monoterpenes and 14 sesquiterpenes 
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Table 2. Chemical Composition of the Volatile Oil of Cannabis Prepared from Fresh and Dried Buds 



percentage 



number" 


component 


*r(s) 


A* 


B c 


C d 


D e 


1 


heptanone, 2-methyl-4- 


296 


0.27 


0.30 


0.28 


0.16 


2 


heptanone, 3-methyl-4- 


304 


0.16 


0.20 


0.14 


0.11 


3 


ct-thujene (origanene) 


307 


0.15 


0.08 


if 


0.13 


4 


a-pinene (pinene, 2-) 


319 


1.11 


1.12 


1.19 


1.58 


5 


camphene 


340 


0.30 


0.40 


0.21 


0.40 


6 


sabinene (thujene, 4[10]-) 


379 


tf 


if 


if 


ND* 


7 


/9-pinene (terpenthene, nopinene, pseudopinene) 


386 


2.20 


2.44 


2.51 


2.52 


8 


/3-myrcene (myrcene) 


408 


67.11 


58.72 


38.74 


32.88 


9 


hexyl acetate 


440 


0.23 


0.39 


0.93 


0.14 


10 


a-terpinene (terpilene) 


456 


if 


0.05 


if 


tf 


11 


limonene (cinene, nesol, cajeputene) 


481 


16.38 


17.20 


17.66 


16.26 


12 


1,8-cineole 


485 


tf 


if 


tf 


if 


13 


cis-ocimene 


498 


0.04 


if 


if 


0.17 


14 


y-terpinene 


545 


0.08 


0.08 


if 


0.10 


15 


fenchone 


602 


0.24 


0.26 


0.36 


0.20 


16 


terpinolene (isoterpinene) 


608 


0.82 


0.79 


1.10 


0.18 


17 


t« i i / /"i i ■ i ii' ii i i i\ 

lmalool (p-lmalool, lmalyl alcohol) 


632 


2.80 


2.81 


3.56 


5.07 


18 


/3-fenchol (fenchol, exo, norbornanol) 


670 


0.35 


0.41 


0.77 


1.01 


19 


cis-sabinene hydrate (ris-thujanol) 


683 


0.21 


0.25 


0.37 


0.54 


20 


ipsdienol 


740 


0.07 


tf 


if 


0.09 


21 


borneol (camphol) 


789 


0.09 


0.10 


0.19 


0.28 


22 


terpineol-4-ol 


820 


0.05 


if 


tf 


tf 


23 


a-terpineol 


852 


0.24 


0.28 


0.37 


0.54 


24 


cis -carveol 


952 


if 


if 


tf 


ND# 


25 


borneol acetate (bornyl acetate) 


1097 


if 


if 


tf 


tf 


26 


a-ylangene 


1322 


if 


tf 


if 


0.07 


27 


a-copaene (aglaiene) 


1334 


if 


if 


if 


tf 


28 


/3-elemene 


1375 


if 


if 


if 


0.19 


29 


(Z)-a-czs-bergamotene 


1434 


if 


if 


if 


0.09 


30 


/3-caryophyllene 


1442 


1.33 


2.31 


5.14 


5.45 


31 


(Z)-a-irares-bergamotene 


1485 


0.10 


0.18 


0.33 


0.45 


32 


a-guaiene 


1491 


0.28 


0.47 


0.93 


1.16 


33 


a-cadinene 


1516 


if 


if 


if 


0.11 


34 


a-humulene (a-caryophyllene) 


1527 


0.28 


0.54 


1.95 


2.05 


35 


m-/3-farnesene (farnesene, (Z)-f3-) 


1537 


0.14 


0.27 


0.35 


0.29 


36 


alloaromadendrene 


1546 


if 


if 


tf 


tf 


37 


y-muurolene 


1587 


if 


if 


tf 


0.09 


38 


y-curcumene 


1599 


0.07 


0.13 


0.30 


0.21 


39 


/3-seli nene (eudesma-4( 14), 1 1 -diene) 


1608 


0.12 


0.20 


0.42 


0.55 


40 


viridiflorene (ledene) 


1628 


if 


if 


tf 


if 


41 


a-selinene (eudesma-3,ll-diene) 


1631 


0.17 


0.33 


0.67 


0.63 


42 


a-longipinene 


1638 


if 


if 


tf 


0.11 


43 


ircms-a-farnesene 


1657 


0.58 


1.02 


2.21 


2.71 


44 


/3-bisabolene 


1667 


t^ 


if 


t^ 


0.17 


45 


y-cadinene 


1676 


if 


if 


if 


tf 


46 


eis-y-bisabolene 


1681 


0.05 


0.10 


0.25 


0.28 


47 


unknown, M + 204 (mlz: 189, 161, 119, 105, 91) 


1689 


0.12 


0.25 


0.65 


0.79 


48 


trans-p-ia.mesene, (farnesene, (E)-p-) 


1701 


if 


if 


0.10 


0.16 


49 


ircms-y-bisabolene, (bisabolene, (E)-y-) 


1721 


0.65 


1.31 


3.68 


3.88 


50 


unknown, M + 204 (mlz: 189, 161, 133, 105, 91) 


1730 


if 


if 


tf 


tf 


51 


unknown, M + 204 (mlz: 189, 161, 107, 91, 69) 


1740 


0.85 


1.75 


4.47 


5.26 


52 


y-elemene 


1777 


0.29 


0.37 


0.23 


0.11 


53 


irarcs-nerolidol 


1796 


if 


tf 


tf 


0.09 


54 


caryophyllene oxide 


1837 


if 


if 


tf 


0.14 


55 


guaiol (champacol, guaiac alcohol) 

unknown, M + 204 (mlz: 189, 161, 133, 105, 91) 


1873 


0.30 


0.51 


1.35 


1.83 


56 


1921 


0.30 


0.60 


1.51 


1.96 


57 


unknown, M + 204 (mlz: 189, 161, 119, 91, 59) 


1941 


if 


if 


tf 


tf 


58 


y-eudesmol (machilol, selinenol, uncineol) 


1951 


0.10 


0.23 


0.46 


0.41 


59 


unknown, M + 204 (mlz: 189, 93, 69) 


1958 


if 


if 


tf 


0.11 


60 


unknown, M + 204 (mlz: 189, 161, 91, 43) 


1966 


if 


if 


tf 


0.07 


61 


unknown, M + 204 (mlz: 189, 121, 105, 93) 


1976 


if 


if 


tf 


0.19 


62 


/3-eudesmol (/^-selinenol) 


1993 


0.13 


0.31 


0.72 


1.06 


63 


a-eudesmol (a-selinenol) 


2000 


0.17 


0.48 


0.96 


1.40 


64 


unknown, M+ 204 (mlz: 189, 107, 93, 79) 


2026 


0.24 


0.48 


1.23 


1.69 


65 


/3-bisabolol 


2045 


if 


if 


if 


if 


66 


epi-a-bisabolol 


2069 


0.14 


0.31 


0.89 


1.18 


67 


unknown, M + 204 (mlz: 189, 161, 133, 119, 44) 


2092 


if 


if 


0.16 


0.19 


68 


unknown, M+ 184 (mlz: 152, 139, 44) 


2193 


0.05 


0.09 


0.19 


0.36 



" Components are numbered in order according to their tn- b A = Volatile oil prepared from freshly collected buds. c B = Volatile oil 
prepared from buds dried at room temperature for 1 week. d C = Volatile oil prepared from buds dried at room temperature for 1 week 
and then stored in a brown paper bag for 1 month at room temperature. ' D = Volatile oil prepared from buds dried at room temperature 
for 1 week and then stored in a brown paper bag for 3 months at room temperature. 't = trace (below peak-area threshold). g ND = not 
detected. 



have not been reported previously in cannabis odor or a-ylangene, /3-elemene, (Z)-a-cfs-bergamotene, a-guaiene, 
volatile oil. These sesquiterpenes are as follows: cis- a-cadinene, y-muurolene, y-curcumene, viridiflorene 
sabinene hydrate (cis-thujanol), ipsdienol, cis-carveol, (ledene), a-longipinene, y-cis-bisabolene, y-£rcms-bisab- 
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olene, /3-eudesmol (/3-selinenol), a-eudesmol (a-selinenol), 
and a-epi-bisabolol. 

Not unexpectedly, drying the plant material resulted 
in overall reduction in the percentage of the oil recov- 
ered. Most of the loss appears to take place after the 
first week of drying, with the oil content dropping from 
0.29% to 0.20%. The oil contents after drying and 
storage for one and three months were 0.16% and 0.13%, 
respectively (see Table 1). The percentage composition 
of monoterpenes and sesquiterpenes in these oils is also 
presented in Table 1. 

It is evident from Tables 1 and 2 that drying the plant 
material results in a significantly greater loss of monot- 
erpenes than of sesquiterpenes. However, qualitatively 
speaking, none of the major components of the oil 
(>0.1% of the total) completely disappeared in the 
drying process. 

To evaluate the odor of the different oils, technicians 
experienced with marijuana smell were asked to identify 
the smell of the individual oils. The subjects were able 
to recognize the smell of all oils as that of marijuana. 

Experimental Section 

Plant Material. Cannabis sativa L. (Cannabaceae) 
plants were grown from seeds of a high potency hybrid 
under artificial lights with a light/dark cycle of 16/8 h. 
After six weeks the light/dark cycle was changed to 10/ 
14 h to induce flowering. Cuttings were then prepared 
from female plants and were rooted in a mixture of 
potting soil and vermiculite (1:1). The stems of the 
cuttings were first wetted with water, then with Rootone 
(The Security Products Co. of Del. Inc., Minneapolis, 
MN) before being inserted in the potting mixture and 
thoroughly watered. 

After 21 days at 16/8 h light/dark, the rooted cuttings 
were transplanted into 6-in. pots with potting soil. The 
transplanted cuttings were grown under the same 
conditions for 9 weeks and then under 12/12-h cycle for 
11 weeks prior to harvesting. The plants were watered 
daily with a solution of 1/4 tsp Miracle Grow (Stern's 
Miracle-Gro, Port Washington, NY,) per gallon of water. 

Preparation of the Volatile Oil. Marijuana buds 
(60 g) were harvested on 9 Nov 1992, and divided into 
four equal parts: 

1. The volatile oil was prepared immediately from 
the first part (15 g) by steam distillation (0.29% yield, 
w/v) (sample A). 

2. The second part (15 g) was air-dried at room 
temperature for one week to afford 3.77 g of dried 
material from which the volatile oil was prepared by 
steam distillation (0.20% yield based on wet material, 
v/w) (sample B). 

3. The third part (15 g) was air-dried at room 
temperature for one week then stored in a brown paper 
bag for one month to afford 3.7 g dried material from 
which the volatile oil was prepared by steam distillation 
(0.16% yield based on wet material, w/v) (sample C). 

4. The fourth part (15 g) was air-dried at room 
temperature for one week then stored in a brown paper 
bag for three months to afford 3.5 g dried material from 
which the volatile oil was prepared (0.13% yield based 
on wet material, v/w) (sample D). 

Reference Standards. Reference standards of dif- 
ferent monoterpenes, sesquiterpenes, and alkanes were 



obtained from Aldrich Chemical Co. Inc. (Milwaukee, 
WI), Fluka Chemical Corp. (New York, NY), Roth Co. 
Chemische Fabrik (Karlsruhe, Germany), Sigma Chemi- 
cal Co. (St. Louis, MO), and Varian Associates (Houston, 
TX). These reference standards include: tricyclene, 
a-pinene, sabinene, a-phellandrene, 1-decene, limonene, 
fenchone, a-terpineol, terpinolene, cis-verbenol, cis- and 
frans-carveol, a-longipinene, a-cedrene, (— )-isoledene, 
a-copaene, (-)-isolongifolene, (-)-isolongifolol, a-humu- 
lene, valencene, cuparene, myristyl alcohol, citronellyl 
acetate, neryl acetate, geranyl acetate, camphene, allo- 
aromadendrene, rc-eicosane, and n-heneicosane. Solu- 
tions were prepared in methanol at concentrations of 
10 mg/mL. For GC/MS analysis each standard solution 
was diluted by mixing 0.1 mL of the standard solution 
with 0.9 mL of methanol. 

Volatile Oil Solutions. For GC/MS analysis the 
volatile oils (samples A— D) were dissolved in methanol 
at a concentration of 1 mg/mL. 

GC/MS Analysis. A Varian 3300 gas chromatograph 
interfaced to a Finnigan 700 ion trap detector (ITD) was 
used. The gas chromatograph was equipped with dual 
capillary injectors and a flame ionization detector. ITD 
data were recorded using an IBM XT computer with 
Finnigan ITDS v. 4.1 software. The ITD software is also 
equipped with a terpene library comprising over 500 
entries of monoterpenes and sesquiterpenes. FID data 
were recorded using a Hewlett-Packard 3392 integrator. 

For chromatographic separations a 0.25 mm x 30 m, 
0.25-fi film thickness, DB-5 column (J&W Scientific, 
Inc.) was used for GC/ITD and a similar column was 
used for GC/FID under the same conditions: injector 
temperature 220 °C, transfer line 240 °C (detector 
temperature for FID 240 °C), oven temperature (pro- 
grammed) 60-240 °C at 3 °C/min, with a total run time 
of 65 min, carrier gas He at a linear velocity of 32 cm/s. 
Injections of 1 fiL were carried out in the split mode at 
a ratio of 1:20. 

Acknowledgment. Supported in part by the Na- 
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